Aims of the Investigation
Clinical experience (Browne, Beck, and McCallum, 1949) and rising certification figures by the Pneumoconiosis Medical Board show that there is a pneumoconiosis problem amongst Durham coalminers. Moreover, a study of large films, taken following routine mass miniature radiography (M.M.R.) at eight Durham pits (McCallum, 1952) , suggested that at least 3 to 6% of miners at these pits had well marked radiological signs of pneumoconiosis. This was a crude estimate, because the number of volunteers at each pit was never more than 61% of the total number of men employed, and the composition of the sample not radiographed was unknown. It may be that those men not radiographed had a higher proportion of disease than those who were. Furthermore, only full-size chest films taken of the men whose miniature appeared abnormal were studied; an unknown number of cases in the early categories of pneumoconiosis were missed in the viewing of the miniature films. A survey to measure the prevalence of pneumoconiosis in a number of collieries in County Durham therefore seemed necessary.
This paper describes planned surveys in four representative Durham pits in 1950-51, in which an attempt was made to radiograph every man employed above or below ground with a full-size chest film (12 in. x 15 in.) . It must be emphasized that only the radiological appearances of pneumoconiosis are dealt with here, and that no detailed attempt is made to relate these to symptoms nor to estimate how much respiratory disability is the result of the changes described. An attempt has, however, been made to relate the radiological picture to whether a man has to change his job to one which is lighter.
Methods
Choice of Pits.-There were several considerations in the choice of suitable pits for these surveys. To take a random sample consisting of many complete collieries in the county is not practicable, since it would produce an impossibly large number of men to be radiographed. It was essential that the collieries should be characteristic of the whole coalfield as far as possible, and that geographical position and degree of mechanization should be taken into account. The coal-mines should not be too big, as the mobile x-ray unit which was to be used for this work was only available for short periods, and there had to be a reasonable prospect of examining every man and following up those who did not come forward. Suitable accommodation near the pit head was necessary, and, in order to ensure that there would be a full attendance and that most or all of the men would have worked at the pit for the major part of their working life, a compact community was desirable. Finally, pits which had not previously had a visit from an x-ray unit were more likely to give the true prevalence of pneumoconiosis, since many men with this condition would not have already been detected and perhaps advised to change their job, thereby leaving a selected population.
The Collieries Chosen.-Two pits (L,M) were in the western part of the coalfield and two (K,N) in the eastern part where the future development of this coalfield largely lies. The coal in the east of County Durham is beneath a thick layer of rock, while that in the west, in the older part of the field, is not so deep and in the past has been more easily obtained.
In size, these mines varied from 862 men to 1,921 men and it was planned to survey them in 280zBRITISH JOURNAL OF INDUSTRIAL MEDICINE from one to two months each. No previous surveys of this kind had been made and an M.M.R. unit had not visited these pits before, but the number of men from them who had been certified in each year between 1943 and July, 1948 , which was before the use of mass radiography in this coalfield, was known (Table 1) . According to the certification figures Pit N, with 50 cases, was by far the worst, and indeed was a notoriously bad pit as regards pneumoconiosis, while Pit L was apparently free from this trouble. Pits K and L were in compact mining communities, but M drew men from villages all round it, " like a clock face" as a union official described it. Pit N was near a large town and its workers were widely scattered.
Organization of the Surveys.-The surveys were carried out with the cooperation of the North Eastern Regional Hospital Board, who gave permission to use the Durham Mass Miniature Radiography Unit; the National Coal Board with its divisional and area medical officers; and the National Union of Mineworkers (Durham) . A system of appointments was arranged for every man on the pay roll, and a fresh appointment was sent at the end of each day to those who failed to attend.
The purpose of the survey and the importance of a full turn-out of men were explained at public meetings, and any questions from the men were answered.
Before coming for examination men were given a leaflet on which to enter their occupational history in detail from the time of leaving school. In this way each had an opportunity to think about it and perhaps to set it out more accurately, thus saving time when attending for radiography. The information was then entered on another sheet by the clerks of the x-ray unit who were experienced in taking such histories, and who asked for further details of certain jobs or queried obvious errors and omissions.
Radiology.-The chest films were taken, using standard mass miniature radiography equipment, in a van with trailer generator. No miniature films were taken, as these have been found unsatisfactoiy for this type of work (Fletcher, 1953 ; Cochrane, 1951 ; McCallum, 1952; Newell and McCallum, 1954) . Radiographs of the highest possible quality were sought and the number of recalls for technical faults was small.
Films were categorized by three experienced observers, using the Pneumoconiosis Research Unit method, which is a quantitative radiological classification into four categories of increasing amounts of simple pneumoconiosis (Categories 1-4) and four of progressive massive fibrosis (P.M.F., categories A-D), (Fletcher, Mann, Davies, Cochrane, Gilson, and Hugh-Jones, 1949) . If the two most advanced simple categories (3 and 4) are combined into a single category 3, this classification then corresponds to the proposed International Classification of Pneumoconiosis (Cochrane, Davies, and Fletcher, 1951 ; International Labour Office, 1953 The highest proportion of men attended at the first two collieries visited, which were the most compact communities and where the x-ray unit was nearest the shaft top. The lowest percentage (83%) was at the fourth colliery, where conditions for the work were less satisfactory and the unit some distance away from the shaft.
Prevalence.-The radiological diagnosis of cases of pneumoconiosis, all categories, in these pits varied from 30 to 35% of the men, with an average of 32% (Table 3) . If the faceworkers only are considered, then the average prevalence of pneumoconiosis is 39% at these pits.
In each colliery the proportion of films placed in Categories 1 and 2, between which there is probably most disagreement, does not differ greatly, and it is noteworthy that only a little over 2% of all the men had progressive massive fibrosis with which most disability is associated (Cochrane, Fletcher, Gilson, and Hugh-Jones, 1951) .
Twenty-four office workers and other non-mining employees were also included, five each in collieries K, L, and M, and nine in colliery N, so that the results are very slightly diluted by these men not at risk. On the other hand, they provided a useful control of the validity of the radiology. These men, whose average age was 36 years with a range of 151 to 65 years, were all placed in Category 0 although their occupational histories were not known by the viewers.
The overall results of the surveys in each pit are strikingly similar, especially in Pits K, L, and M. Pit N has more men in Category 3, which may be the result of much dustier conditions, but this pit had relatively more older men with longer exposure to dusty conditions. In age groups 36 to 45 years and 46 to 55 years a third ofall the men were in Colliery N ( The amount of progressive massive fibrosis is also very similar in all four pits. The observer error in separating these categories from the simple ones is relatively small, but as they are the most easily recognized and cause most disability, the numbers have probably suffered most from withdrawals due to ill-health, death, or certification.
Nearly all the faceworkers had done at least three-quarters of their facework at the same pits, and it can reasonably be assumed that the lung changes found were the result of the dust in the pits in which they were working when radiographed (Table 5 ). Most of the time which the men who were radiographed had spent elsewhere was frequently in a mine or mines in the same area.
Withdrawal from Facework.-Some evidence of the relation between the radiological findings and disability from pneumoconiosis was obtained from an analysis of the withdrawals from facework to non-facework, as shown by the occupational histories. In this report " facework " refers to certain well defined jobs which involve regular exposure to high concentration of mixed dust at or 'near the coal face and it includes all the men radiographed who have worked for six months or more as a hewer (hand or pneumatic), coal cutter, stoneman, filler, deputy, or shotfirer. Men who had worked for less than six months at these jobs or who had never done them at any time were classed as non-faceworkers. In each colliery the findings were much the same, the percentage of withdrawals increasing with age. When the age of withdrawal of men from facework is set out by categories, it is evident that an increase in simple category is not accompanied by a corresponding increase in the change from facework to non-facework, but that in the group with P.M.F. the percentage of withdrawals rises greatly ( (Davies, Fletcher, Mann, and Stewart, 1949) , although recent work suggests that the attack rate of P.M.F is greater in those men with continuing dust exposure (Cochrane, personal (Fletcher and others, 1949) , it is found that as age increases the proportion of men in each category of pneumoconiosis increases until 36 to 45 and then stabilizes (Table 7) .
Between In Table 9 and Fig. 2 After one to 10 years at the face 12% of the faceworkers are in Category 2 or more, but this figure is nearly quadrupled after 11 to 20 years at the face. About 10 years at facework appears to be a crucial point, after which the main effect of the dust becomes marked, corresponding to the rise after the age of 35 years (Table 7) . The proportion of men in each category tends to remain at the same level after a certain period of time; for example, in Category 1 the proportion reaches about 16% after eight years' facework, in Category 2 it reaches 22% after 13 years, and after about 23 years Category 3 and the complicated categories together remain at 29% of the men.
The most striking feature of Table 9 is that after 20 years at the face half the men have radiological pneumoconiosis of Category 2 or more, and nearly 30% have well marked changes of Category 3 and/ or progressive massive fibrosis. After about 30 years at the face there is a slight drop in the proportion of men with pneumoconiosis, but the numbers are smaller though the difference is not so great as in the men over 55 in Table 7 .
When the collieries are considered separately the results in each are again remarkably similar (Table 10 ). Pulmonary Tuberculosis.-In diagnosing pulmonary tuberculosis the suggestion made in the notes accompanying the P.R.U. set of standard films was in general followed: shadows which might be tuberculous were diagnosed as such in films with pneumoconiosis of less than Category 2, while in films with Category 2 or 3 pneumoconiosis in which any localized shadow suggested tuberculosis or early massive fibrosis, Category A was diagnosed unless the shadow was characteristic of healed inactive tuberculosis. Men with clinically significant pulmonary tuberculosis necessitating referral to chest clinics number three, five, and four respectively in collieries K, L, and M, but in colliery N 22 men were referred to chest clinics. This is approximately 3 per 1,000 in the first three pits taken together, and 11 per 1,000 in pit N.
The proportion of men with healed pulmonary tuberculosis (excluding primary complex) was also much higher in colliery N which had 1277% compared with an average of 1 7% for the other three (Table 12) . (26) at Pit L, the smallest pit and the most compact community. From these findings it is reasonable to assume that the men who were examined were practically the total of those exposed to dust, and that the results of the surveys are applicable to the pits as a whole.
The Environment.-A detailed account of the past working conditions in these pits was not obtainable directly, and no dust counts had been done, but it was known that ventilation had been a serious problem in Pit N in the past. The seams worked and the type of coal produced in these pits are mixed, and include both the hard-texture coking coals as well as the softer gas and steam coals, but no conclusions could be drawn about differences in dustiness of the various seams which were worked. In Pits N and K bord and pillar work in blind headings was done until quite recently, but the tendency was to change to better ventilated, longwall work. Pit L was worked by hand hewing until 1927, when pneumatic picks began to be introduced. Some wet cutting was in use in Pit N, but at the time of the survey there was no water infusion.
Mechanization was not introduced at any precise time, but was a gradual and patchy process which started at different times in the different collieries, and even at different times in various districts in the same colliery. It does not even take the same form. For example, in a single colliery one district may be working with unmechanized hand hewing, another may be gradually introducing mechanized pneumatic hewing, and yet another fully mechanized using coal cutters. The important thing is not whether the mine is mechanized but to how much mechanization a man has been exposed during his working life. An assessment of the degree of mechanization to which the men have been exposed is therefore best made from their occupational histories (Table 14) . (McCallum, 1952) suggested a prevalence of from 3 to 6%, but the survey described here shows that the true prevalence, including all categories, is 32%, or 22% from Category 2 upwards for the whole pit population.
The pathology of pneumoconiosis of coal-miners appears to be identical in widely different coalfields (Heppleston, 1951) , so that these results may be compared with those from other coalfields.
Figures previously published from the Pneumoconiosis Research Unit (Cochrane, 1951) for four pits in England gave prevalence rates for all categories of pneumoconiosis varying from 26-4% to 61 8%, but these referred only to " underground " workers. In the surveys reported here the figures refer to all the workers at the four collieries, including those above ground, but excluding coke workers. Many older men transfer to surface work from the coal face, so that the inclusion of screeners and timber yard men gives a more complete picture than would underground workers only, for chest radiography in pneumoconiosis measures a man's past, but not his present, exposure to dust. The proportion of men who were radiographed in the (Welsh) Rhondda Fach Scheme (Cochrane, Cox, and Jarman, 1952) was 99% in four collieries, using a full-time staff and a special unit. In the Durham survey reported here, using a part-time staff and a standard Regional Board mass miniature unit as a mobile large film unit, 89% of the men in four collieries were radiographed.
In the Rhondda Fach survey about 13 % of miners and ex-miners had progressive massive fibrosis. Our figure was 2%. This bears out an impression gained from the previous investigations in Durham that this type of disease may be more common in South Wales than in the North-East. It is clear that these Durham collieries have been dusty enough in the past to produce pneumoconiosis, and that if the conditions remain unchanged they will continue to do so in the future. The men with well marked lung changes (Category 2 upwards) have spent a higher proportion of their working lives in these mines than those with normal lungs or with Category 1 changes. Unfortunately, no measurements of dust concentration over the years (Fig. 3) has been moved 10 years to the left to show the very close similarity between the two areas.
preceding these surveys exist which can be used to match the radiological results.
In County Durham, men between the ages of 14 and 20 years have usually worked at relatively dustfree jobs on the surface or underground away from the face. In only a few instances have men under 20 years of age already done facework for two or three years. After the age of 20 it is usual for the men to progress through jobs which take them to the face intermittently, such as driving and putting, to actual facework as hewers, cutters, stonemen, etc., if they remain in pit work. It is at this point that heavy exposure to dust probably begins, with the resulting rise in prevalence of pneumoconiosis after the age of 35 (Fig. 3) , the similarity between the two groups is very striking when all the variables in radiographic technique, film viewing, and in taking occupational histories are considered. Furthermore, there is a fairly regular eight to 10 years' difference between the two groups, and if the Durham figures are moved 10 years to the left (Fig. 4) there is a remarkable agreement between both simple and complicated pneumoconiosis in the two areas. Cochrane and Gilson point out that on the average the Durham miners went on to the coal face at the age of 20 to 25 years, which is approximately eight to 10 years later than is usual in South Wales. They think that the difference in prevalence of progressive massive fibrosis between the Rhondda Fach and the Durham pits may be due to this difference in age at which heavy dust exposure began in the two areas. As P.M.F. begins on a basis of Category 2 or 3 pneumoconiosis (Cochrane, Fletcher, Gilson, and Hugh-Jones, 1951) The tendency for the number of men in each category of pneumoconiosis to become stable at a certain level may be due to progression from the category below being roughly balanced by withdrawals in the more advanced categories (3, and P.M.F.) in which disability from the pneumoconiosis may be more marked. Variations in dustiness in the past, of which there is no record, or a tendency for some older men to transfer to deputy work which takes them intermittently to the face may have a similar result. It is possible also that in some men who have reached one of the simple or complicated categories of 2 or more further accumulation of dust may not be detectable radiologically and the condition may appear to be stationary. The method of assessing the disease radiologically is still c only relatively accurate and there are many variables. Furthermore, the presence of focal emphysema may explain some of the discrepancies in individual cases by masking the dust foci and giving the appearance of a lower category and this may tend to happen more as the men become older and more emphysematous.
Even after 30 years at the coal face more than a third (34 8%) of the radiographs were normal, which does not make it easy to accept wholly a simple time and dust concentration hypothesis for the radiological appearances, although this may explain the regularly increasing categories in the first 20 years of exposure to dust at the coal face.
The proportion of men who withdraw from their well paid coal-face work increases with age, but not with the radiological category of simple pneumoconiosis. This may well be an important point, because in this condition (as in many others) it is only too easy to be overimpressed by the radiograph. But when the appearance is that of progressive massive fibrosis the men tend to give up facework sometimes perhaps because they do not feel well enough, but it must often be because they are advised to do so. Withdrawal from facework is, perhaps, a rough and ready measure of disability, but it is one which is real, not only to the man because it means having to step down in his job with the resulting financial hardship, but also to the industry, because it means a loss of people at the point of production through a preventable industrial disease. A refined physiological test will detect changes in pulmonary function early, but to give industrial information it still has to be linked to a man's ability to work at his ordinary job.
Radiological pneumoconiosis on the scale seen here is important because of its medico-legal implications, for if Category 2 or more is taken as the lowest radiological degree likely to be recognized by a pneumoconiosis medical panel of the Ministry of National Insurance, about 39% of the faceworkers at these pits would have grounds for an application to such a panel. If men are to receive compensation for 1% " disability " or " loss of faculty ", and if this is regarded as equivalent to radiological pneumoconiosis which is just diagnosable, a greater proportion even than this will have such grounds. Probably only a few of these men have definite symptoms, but the industry could be faced with a serious situation in which a high proportion of key workers were required either to work under approved conditions which might not exist to a sufficient extent, or to change to non-coalgetting work elsewhere in the colliery. This situation is not desirable either from the men's or from the industry's point of view, nor is it necessary. In most cases the men should be allowed to continue at their own work if they are physically capable of doing it, but they should be under medical supervision. The man's own wishes should, of course, also be consulted and the position must be explained to him; at the same time, if he can be assured that measures to suppress dust are being actively pursued, his anxiety about the dust which he is breathing may to some extent be allayed and his cooperation ensured in suppressing it. Men with progressive massive fibrosis should be allowed to continue at their job if an adequate series of sputum tests, including culture, show that they are free from tubercle bacilli, and close medical supervision is continued, since progression of the lesions in these men probably occurs irrespective of whether they remain in the mine atmosphere or not (Davies and others, 1949) .
The fact that half of the faceworkers of middle age show definite radiological signs is of importance, not only because of the potential disability of some of them, but also from the economic and psychological aspects. Practically all these men were regularly at work at the time of the survey and had no disability or were insufficiently disabled to arouse suspicions of occupational disease. Disability in the sense that a change to lighter work had occurred was evident either among the elderly or among those with progressive massive fibrosis. However, it is not easy to distinguish their symptoms from those due to advancing age or bronchitis with emphysema. It may well be that these are the two important variables and that too much attention has been paid in the past to the radiological appearances. If a man who has done facework in this coalfield for 20 years or more has his chest radiographed for any reason, there is more than a 50% chance that some dust opacities will be found, and this is in accordance with clinical out-patient experience of coalminers in the Newcastle area. This has obviously an important bearing on the diagnosis of chest disease in faceworkers, for the finding may be very misleading if its frequency is underestimated, and in the management of men in whom pneumoconiosis is found incidentally either by mass radiography or hospital investigation for any cause. If breathlessness is the main complaint, other causes such as unrelated lung or heart disease or systemic disease elsewhere must first be excluded, particularly if the disability is out of proportion to the amount of pneumoconiosis.
These results demonstrate how little certification figures may relate to the actual amount of radiological abnormality. Colliery N, which has by far the worst record judged by the certification figures, is seen to be only a little worse, in fact, than the others. Many of the men lived in neighbouring urban areas with probably greater risks of tuberculous infection, and it is possible that this is reflected in the high certification figures. Colliery L, on the other hand, is seen to be much worse than certification figures suggest.
With such a high percentage of men showing radiological signs of the disease in the Durham coalfield, policy, treatment, and advice to men who are found to have such changes must be very carefully considered. The disease presents not only as a medical but as an economic problem for which legislation acting through medical boards provides only a partial and, indeed, a rather inflexible solution. It is not always appreciated that the effect of informing a hitherto healthy man that he has " pneumoconiosis " is often harmful. Some other more tactful term which will convey to him that his condition will not necessarily deteriorate is required. Similarly, a man should not be removed from his own job without careful consideration, provided he is physically capable of doing it (McCallum, 1953 Films were taken of 5,1 18 men, and all four collieries showed similar prevalence figures, although they were geographically spread over the coalfield.
Withdrawal from the coal face of men with pneumoconiosis in County Durham is associated with advancing age and particularly with progressive massive fibrosis.
Radiological pneumoconiosis increases in prevalence both with rising age and with length of time spent at facework. Between 26 and 35 years of age nearly 8% of men have pneumoconiosis of Category 2 or more, while between 36 and 45 years of age the proportion of men affected rises sharply to 31%. Similarly, after one to 10 years at facework 12% of men have Category 2 of pneumoconiosis or more, but after 11 to 20 years at the face the proportion rises to 42%.
Length of time at facework is a more important factor in producing the radiological signs of pneumoconiosis than is the length of time spent in the pit as a whole. The critical period at which the effect of facework becomes demonstrable is at about 35 years of age or after about 10 years at facework.
There is a remarkable similarity between the proportion of men at different ages with pneumoconiosis in Durham and South Wales, allowing for a difference in the age at which heavy dust exposure begins.
From the point of view of both the men and the industry as a whole it is better to allow men with pneumoconiosis to continue at their facework under medical supervision, if they are willing to do so, and to persevere with measures to make the work less dusty and so reduce the risk of progression of simple pneumoconiosis or of fresh cases developing.
In County Durham neither past certification figures nor previous estimates from mass miniature surveys show a close relation to the true prevalence as reported here.
